Searching PAJ 1/1 ^— is 



PATENT ABSTRACTS OF JAPAN 

(1 1 Publication number : 2001-160627 
(43)Date of publication of application : 12.06.2001 



(51)Int.CI. H01L 33/00 

H01S 5/343 



(21 Application number : 11-341357 
(22)Date of filing : 30.1 1 .1 999 



(71) Applicant : 

(72) Inventor : 



TOYODA GOSEI CO LTD 

KOIKE MASAYOSHI 
YAMAZAKI SHIRO 
KOJIMA AK1RA 



(54) GROUP m NITRIDE COMPOUND SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To relax inside stress, and to improve the 
impurity of a luminescent color, and to suppress a driving voltage. 
SOLUTION: An active layer 206 is formed in a multiple quantum well structure 
in which a quantum barrier layer 2061 whose film thickness is about 5 nm 
constituted of AI0.95InO.05N and a quantum well layer 2062 whose film 
thickness is about 5 nm constituted of AI0.70In0.30N are alternately 
laminated, that is, in which totally 1 3 layers are laminated in totally 6 cycles. 
In this semiconductor laser 200, a quantum well layer 2062 with a high indium 
(In) mixing crystal rate is formed so that the uneven distribution of InN 
composition inside the quantum well layer can be sharply suppressed. Also, 
the quantum barrier layer 2061 and quantum well layer 2062 with the high 
indium mixing crystal rate are formed so that the lattice constant of the 
active layer 206 can be increased as a whole. Thus, it is possible to relatively 
softly form the active layer 206. and to sufficiently suppress a driving voltage 
(oscillation threshold), and to manufacture a satisfactory semiconductor laser 
whose operation life is long by the relaxing and reducing a heat stress or a 
driving voltage. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9.ipdl jpo.go.jp/PA1 /result/detail/main/wAAAmQaONYDA41 31 60627P... 2004/04/21 



#M200I-160627 



i v~y 



<19>H*H*W? (JP) 02) £t ^ s$ & ^ (a) ai)KfttuB&n*re 

#§12001-160627 
(P2001-160627A) 

(43)&iBB ¥/Sl3*P6£12B (2001.6.12) 

(51)Inta. 7 FI r-Y3-r(##) 

H0 1L 33/00 H0 1L 33/00 C 5F04 1 

HOIS 5/343 HOIS 5/343 5F0 7 3 



S3E»3fc »**0«14 OL (^18 M) 



(2l)tblB## 


1-341357 


(7i)ta«A 


000241463 










(22)ttlKB 


¥j£ll¥HJ!30B (1999. il. 30) 












































*»mis#B#«5#B*f ^^gjo i 














(74)ftS!A 


100087723 



















(54) atm<0^$H rr IJ^fc%^£*>*3S#SefcSf§^ 



(57) [gift] 

lM&=£WCi SteJf 2 0 611 A 1 a95 I n 0 05 N^ 
t>i&Z>Wim&i 5 n mWifiil 206 1t, A 1 0 70 
I n 0 3a Nfr£>f&Z>mmm5 nm©if#F12 0 6 2 

tt. igl-W >iSOA (In) JlSIJfcODS^FJi 2 0 6 2$: 

itCD«^P$lgfl 2 0 6 1. Rtf. I^#pI2 0 6 2$ 
^fiE-TSCtJCtO. ^tti2 0 6©te^5£&£±#6<J 
fC*#<T#£:. CKDfc*. ffitti2 0 6£lt$SEI$*<=> 



10 




4#BB200 1-160627 



2 V -y 



1 

A 1 |_ x In x N (0<x^l) <tOE££fiT#FS£ 
tt^ut^itS IIlK2fttt$fl:&4b¥*tt5B 

[§i*S2] i!iJfB»T#FJf <!:. 
Al H . y Ga, IrijN (O^ySl, 0^z<l, 
O^z+y^l) 10 

[11*353] ftfrfE-f >i^A(In)iffij£Ji:xti, TO. 

[IS*^4] «WB^U"5/»(Ga)«J«Jtyfa» 
Ty=U . r y =ij xtt ro. 9<y^lj 
i<fc$:#m<h-rSS*^2XHIS^3»CfE«© Illtt 

*fc**fc^**<*:SBfes*?.' 20 

^A(Ga)*&fiEtt:y. ttffi-f >:x?A (In) m^it z 

tt. 

r y = o, o^z<xS u . 

ry = 0. 0^z<x^ lj Xtt, 
ro^y<0. 1, 0^z<x^lj &mZL-?Z. 

£.-$ zm&m 2 xtm&m 3 \zmm<o 1 1 mmw&fc 

[IS*g6] H9fB-f >^^A(In)MfigJtzt4, 

r z = oj . r z = 0 j x« ro^z<o. u £#t*t-r 30 
3jfeui. i o»aTtf»*c:t**aifr*»*9(2 

«9*^^^7t^^. 40 
3nmHJ:, 1 0 nmKTT^S d t fcWftfT*** 

mntm 1 o ] nfrfE»^#FJf . x«wtBa^»s« 
KW-rsvusBurtstbT. u> (p> . m.m (a 

s) . T>^> (Sb) . XttfXYX (B i) £gs 

MfBa^#Fe. xn^fBa^f^iiHro^^ (n) w- 



2 

1 7is»#« 9 ©r»m^ i ^(ctB®© 1 1 mmmmt 
umm 1 1 ] tfjffis^#Fif . xraiffiiEfi^isstgja 

fC«-rS III«*3SP*tUT. (B) . Xte^'J 

(Tl) ^gsftrTSdiKJiD. 

wriEfi^#Fs, xttWiBs^»ii^co umitm (a 

1, Ga. In) O-g&^fUfB III«aSJn«T?BKIU*: 

[if*^ 1 2 ] WE-f >>»}A (In) *&fi£It x te, 

r0. 1 5^x^0. 6 J &ffittZ\££!ft®(ft2>m$im 

mmm&mi 1 omtifr 1 jucib^o m&sfcttx 

[|§3#S13] MfB-f >>">A(In)a^itx«, 

ro. 1 5^x^o. 5j zmtt-r t-tzm&m 

2nmHi, 6 n m&>T T' $> 2> Z ii&&WL£iTZ>m*m. 

i nmm&m 1 3 own^ 1 mizmm<?> 1 ummtmm 

[0 0 0 1 ] 

[^cos-rss^^] ssroitc iiij* 

u— ir^-f*- h (ld) um&im%fc'£;<m¥- 
rau sn±grt kutttw**.©*? #FH&*-r-s 1 1 i& 

[0 0 0 2 I 

Bioit '&&&.wiiz&z>&mm?#w 

m?uzz\<nmiz. ft&o in 
mmt®mt^^mw%%*^- (ld, led*?) ic 

*5^Ttt, ^Iif#F9 0 0^Mt5if#FIq 
wn (n=.l, 2) ICte. ^b^U^A-f >>"j7A (G 
a i-xb 1 n xb N = 0. 10<xb<0. 25) ffi. S^»M 
iqbm (m=l, 2, 3) (C«« gffctf'JS'A (G a 

n) &*ffl^e.nx^/c. 
[0003] ^fc, ^ic. n&%ye<Dm=F#F : m$:&rfi 

T-5fea6lc«, ±f3<7M >> f ^A (In)me£Itxb«, 0.15 
^TS±EM«ttSc-e$.^„ SeoT. ^Jxfi, n©±K 

<hLfc«^ic«, m-«^#F (sqw) mm<D 
nm&imjMtet'to¥m#f£ytm z ? (ld, led 

I?) £*Sfirr-5d<h*)oTggT&-5. 
[0 0 0 4] 



#382001-160627 



3 V -y 



3 

FJfrt©&J&rnN©£F«3&<nS:<ii9 (^BWttfiFattflE 
[0 0 0 5] (HMA2) «3tt*POrt«Ktt. 

c. (istt») «. c 

<Dmf3.n&f5j]tzm^ittb. mmms. mmv^^m) 10 

[0 0 0 6] (RMA3) Sfc. IUP#S5 Onm 

#FJif4±E©|^««*©|g»S##»C»»t» < 

[0 0 0 7] *|g^tt t ±K©H«Bfc«¥*-r*-fc#lc»fc' 20 

l:SbT> 3S7fcfe©*iEJg©fr-h£0D. ***ft<U 

-5. 
[0 0 0 8] 

[»ia*»^-ri>fca6o^a] ±tB©gijg£fi?*fe-r.5fc 

a&K:r4. : .KT©#»3W3ai?*$. BTfe, ttofft 

Lfc#W*3^*^K:$3(,»-C. Al 
,. x I n, N (0<x£I-) ct0fi£2.*^#FH^«SA 30 

[0009] Sfc, »-2©*att» ±eoJB-i ©^Sic 

iS^T. fff#FIi. Al,.„Ga s In, N (0 
£y£l, 0£z<l. O^z+y^l) J;0fig-5fiT 

mum t ^xsicaji l fc#m*^ #F«ifi emere 

[0 0 10] fg3©^g:f;t, ±fS©Sfl 1 XttffS 2 

O*ai:*0>T. -r>v"^A(In)jafi£tfcx^ ro. 1:5 
x^lj £-?ZZfZ$>Z>. 

[0 0 11] SB4©#gHi. ±IB«^2Xtt^3 40 

©fSICU^T, #U^A(Gamj5£ifcy£ r y =ij . 

ry=lj Xtt TO. 9<y^lj fr*n<fc**. 

[0 0 12] i5©¥8H ±«B©*2XH:J[S3 

©*»fc43t»T. -f >S?aMIn)«J«Jtx. #'J-}A(G 
alffifiKity. fttf. -f >5>£A (In) JflfiKJfc z * r y = 
0. 0Sz<x^lj . r y =0, 0^z<xSU X 

tt. rosy<ai, o^z<x'^u ttsitt* 

•5. 

[0 0 13] *6©#fttt. ±gB©Sg2 7!;SJil5 

©fatl** 1 -DOi^mz^T. -f >>"}A(In) iffif&Jtz 50 



4 

* r z = oj .- r z = oj xia ro^z<o. u.tts 

[0 0 14] gtfc, Sg7CD^g;te. ±8B(03B 1 7)S)R 6 

offltu>» i oo^sica^t. m^&wmvmmt: l n 

m&i, 1 0 nmKTl:t5CtT?*S. 

[0 0 15] jgSO^Sli. _tfB©Sf£ 2 75Mfg 7 

©HftiMoc^lllCiHT, S^#FJf ©JS»£ 3 /I 
£t±, 1 OJBKTlC-r •&£<!: -C**. 

[0 0 16] ^9W#S(1 -tfB©3l2 7!»Sai8 

©rana> i -z><D^m\z&^x. m.Tmmm<Dmm& 3 n 

mBU:, 1 0nm&Tl:t5CtT*5. 
[0 0 17] mi OCO^gtt. _tfB©$g 1 75MSit 

9©fBJtl^lt?K)^tC43t,iT. i^#FI. XteS^P 

Bmmiztt-rz>vmmm®>£i>T. u> <p> , atiss 

(As), 7>3^E> (Sb) . XIAh'XV^. (B i) 

©g^i (n> ©-»*.v*»no*ir«*-r«itT* 

[0 0 18] Sl lCfStt ±fB©|gl75S?g 

10OWl*lO(D¥RI:*l»T. X\im 

Tmrnmiztt-rz 111**40* tux, *n> (b) . 

Xtt^'JW (Tl) 5r^J!]n-r-5^i:lCj;D. if#p 
XttS^BSSB© III8E7C* (A 1 , Ga. In) 
©— g&£ iii;R*Jn%xB»T-5;i<fcX*<5. 

[0019] Sfc, Jg 1 2 ©^fttt, ±tB©Sg 1 

1 1 (Dfttlfr 1 t3©^»k:*>»T. -f >v^A (In) 
ttx& TO. 1 5^x^0. 6j <i:-r-5Cli:Tr*-5o 

[0 0 2 0] mi 3©^©«, ±ECE>JBl-7*£M 

1 2 ©Htl*^ 1 ^©^glC&t^X, -f >i?VA (In) 
Jtx* TO. 1 5^x^0. 5J t-r-SCltTfe-l.. 

[0 02 1] MIC. ?gl4ffl¥t», ±te©mi7!»Mm 
1 3 ©Mn^ 1 o©^S(c*5^T> if#Fl«i)?$ 
2nmHi. 6 nmOTfCt5J:<!:T*5. 

[0 0 2 2] @1H *fgBJ©-hfB©3H£{CJ;.5JI ; #iSf! 
^^a«^#F«it (MQWffijf) £0iJ^T-5 IllttS 

-s. mtfc©«iic, *%w<»±.m<D^Wi\z&<omj$.z 
tut ummmmt&®i*mw%ftm^ cld, le 

Df) IC^I^TIS. ^fi»^#F (MQW) ^^T'S 
If#PlQWn (n=l, 2) (Ctt. T^SzOA • 
■X>i^OAmm rA 1 ,. xn I n xn N (0<xn^l) J 
tf. IfHSIQBm (m=l, 2. 3) IC«. 

T)U= ~ • U OA • -f >>"^ Agjg TA 1 
l-zm-yi Gay. 1 n 2B N (O^ym^l, 0^zm< 
1, O^zm+ym^l) j &*m^>otlZ><, 
[0 0 2 3] itfL, ±IB©a^-#FBQWnI4, 2tc 
©InN (xn=l) iD^fiELTfcfi^. Sfc. ±fB 
ffllfHIIQBmlt 2?r©GaN (ym= 1 ) ^. 
25£©A1N (zm+ym=0) iOMLTfeK. 

3j£©GaInN (zm+ym=l) ^ 3tc 



4#BB2001-160627 



4 V -/ 



5 

BAI InN (ym= 0 ) ^\ 37t©AlGaN (zm 
= 0) <k 9 JBMiKbT 
[0 0 2 4] t=fc, ±fSWn, m{C«-r-S±fSM (N, 
M) teftlcTifc*. ffiot, 0d*.tf, nCD±IEM£l£ 

Ltzm&iz\z, m-m?#r (sqw> tsigco mass 
<mmt'£®*mto%%m=f- (ld, led?) 

F (MQW) ^UTt^K 
[0 0 2 5] ±fB«Sf#FJlQWnB:tf«f «i 

-jT^T^A^, IEoT, e&JxJi, r z l^ z 2^z 3 
S-^zMj -£> r x Ux2^x3^xNj mom 

fs.mmzi,Th^\ \zk±.<n^mz&Y) . sfriew^ffl*. 

^ft-T^Cch^T^-S. 20 
[0 0 2 6] 

[f^ffl&^^W^] @2H «f #FJf fiESHf© I 

ttJS-frTlKt, m^lZTn-rmtZ. In«XftMp0 
JgJO (p b -p a ) C#oT» ^-©¥##ji («f#F 

0 2tc^-rtnic, -r >>?C7A(in))i®jfcx<D*ijnic#o 30 

T. *flfiU nNOffl|BW&fllD*»*i;«<a*«|«l36«« 
•6. ' . 
[0 0 2 7] ai-fe. C^m&tfiHTCiSWTWU 02 fC 

^-rmtc. iS^-r>y^A(in)jisi±; (x a > 

pI^MLfc*^ <gl^-f >->*^A (In) gUtt: 
(x b ) ©»^#Fg*^PE-r^J:0fe I nNjtfiKT^ 

bst H t H -5 ^T'WWT'* 5. 
[0 0 2 8] @3H ifJfPIWOK^f^I^ 
£ ¥*#&ilcc>&f t £^"f if y T- 

*b 3 #fe^©»^#F 40 

ii£fSAj£&£-|4-£«£. IWFI^ A 1 InN*>6 
Ofc. BfrM , >S>«>.MIii)SfiJt (x a ) <DM?#Wm 
f#FJf£*£ l flj£fi;* H?IB©r4S^ 1 

-rsfc^icte, mi<Dft*&ffi<Dm\zm=?#FiM&G a 

1 nNHa^JgJ&-r-5<7)Ttt&<. if #F1^A I I 
nNA^^fiEt-n«SV^<i:*i. 0 2 &tf0 3 J: 9 W 
-5. 

[0 0 2 9] »lrW>5**Afi»J£ (x a ) Of 50 



6 

[0030] /tfc'u £t±©ftun»t9itt. $<mt 

InM^, &mW<DA 1 I nNiC#*?-DfeCt{Cj; 
^FBcDW^ttSSSJe), CtHCd;-pT> ^COrtSCf^ 
»; 5B3fc»flEJ&«ftlJ:U U— If S 

[0 0 3 1] fcfc'b, ££T?> t*^e.©lft^iEbVi©^ 

fcJ:D*f«H©»*a*+#K»S*l*£m3«k EP 
**W©*RK:«t01WHBO|BI«jfi[l. Rtf. NHjA 

[0 0 3 2] gf #FJ1£A 1 In,N (0 

<x^l) A^ffJt5r<tl:J;D, IC/t7/- ^x 

[o o 3 3] . «, .«nao**«fPBi»ca^.tf, Mtc. r 

If#FIQWn©fg: (n©S^:ffl) 
(2«±) T?»S*A«J:0a*l.^i#A6n*. 0<Jx 
01 ©MQW«jfitCi5ViT(i, If#FIQWl 
tt. if#FIQW2l;»LTT^ (QBlffl) ckOift 
<Jt&73^SfP-r?>aHg*#b, tf#FiQW2 
tt. If#FIQWll;»LT±S (QB3» iOi- 

[0 0 3 4] Sf#F»©»A«3B«!fi!c 
©^a»f#F (MQW) ^jg^^fflbfcJS^tCti. 4> 

(Dfotitf. 31cD't I *<7)fi J ?#FB©±TJC'eg-r-5ffi© 
S-ftf#FBlcJ;0^:'l6tc^Sian*. dCD^fc, fif 
#FSQWn<DaiS«. *#^8;i©JSa«8lftUBSJ; 
05S*C#Sdi:^T#5. fefe'b. If^FIQWn 



*#PJ2001-160627 



5 V-y 



7 

<fc. MQWffi14rt«^fi£B#^^ 7£te@ (fgftJS) OTIS 
CO 0 3 5] ±fB(D^«itc. Stet. fii^fa 

[0 0 3 6] S£oT. pijxti Tx 1 Sx2^x3^ 10 
xNj T Z l ^ z 2^z 3^-^zMj fOMi^ 

i:txt.6K cw^^EKicin^ r x i<x2< 

x 3<-<xNj ^ T z 1< Z 2<z 3<- -<zMj If 

[0 0 3 71 gc^tt. fclAfcr r x 1^x2:^x3 

= x4Sx5Sx6j r z Uz2^z3 = z4 = z 
5^z 6^z 7 j f««ft:I^I:ltt>gH, 

^FJixias^igii/f) «£\ iiBOTis^^OTfpffl 

[0 0 3 8] £k±(Dl3HZ. -OWAMf&ttx, zti. 

[oo39] z\oz\tit. m.^nwrn^mTmrnmom 

[0 0 4 0] -f yVOK (In) iS&J&itx 5: To. 1 

[0 0 4 1] »^#F^OT-<>>"^A(In)m^lt 40 

x^*j;ot>ttfeWiis^*^(cti, m^mmmcDX 

WAlGalMlfcltyZ: fy=0i . r y = oj Xtt To 
^y<0. U fr-SdttCtO, 03**b«£*iSC. S 
igXtt$?ii&A> h'*^ zfm<DWi?£3ift ( I" 0 =S z < 
x^lj TtC*5^T. «^»IIJf<Z>te^5£gt£«^ 

CD*:*. ^S&?#Fi8ii<Z)«ttJf (SBtlf) (OSSJltt 



8 

[0 0 4 2] COT«&fg&itTffi^pg!gJS£jg,$ 

mzi:z<t2>z.t&X'%z>fttb, m?m^®&mt>fr 

[0 0 4 3] £fc. -f >v 5 ^A(In)«Jt^WliaiScD^ 
itySr Cy=U . r y =ij xi$ TO. 9<y^lj £ 

-rnwc. m^t. «^ssss©-f >>?^A(in)iaj5£jtz 
£ rz = oj „ r z = oj xa ro^z<o. u ttn 

n^-f >>"^A (In) <DiS»a**«#%3t*^«:i: b 
TffilSI-r'SClt^nJ^tJS:^. COSlC<>y-5A(In) 
SflEE Jfc z ^ $ ^ i^Bll £ «It -5 d <h tc J: o T 

[0044] mTXrmnmmzi nm&±. 1 
*ftu. m'M€2>i:mytmfr+ftiznzntz<ti.z,£pi 

[ 0 0 4 5 ] ■• * fe. i^»MI©gil$: 3 n mfti, 1 
0 n mJ^TIC-T ^ d t. \Z£. 0 , AjifXttflSS*:*?®^ 

[0 0 4 6] III^^k«9^t^¥««=B«, 
47c^AlGaInN. 37cI©AlGaN. Gal 
nN, A I InN, 27ufOAlN, GaN, InN, 

sex, eiti^ic iii^7t^f£K-tr>^ a 

N±0fc^#gCD^:$l,i. P. As. SbSF 
— -f) Tfe^tio X, A 1 Ga I nNlC&tt-SN©— 
£^Jx.ff. P. As. S b tLfzA 1 Ga I nNP. A 
IGalnNAs. AlGalnNS bnfiK SSifo 

ti, S^^^ty iii^i-v^t^^^efsrTt)^ 

[0 0 4 7] ±B<0«UC. Al. Ga. N^kOfeM^ 

LT»«tt*ac#-r*fc»-c*«. c©i5a iiisi^ 



#112001-160627 



6 V-y' 



. 9 

fb^TH 7 9 4.79 K-7t> h*<«8^ Illi&gC^O 

CO 0 4 8] -f >S^A(In)«J5SJtx£ TO. 1 5 

^x^O. 6 J tfidtlCkO. *fi, Mfcfi* 

[0 0 4 9] 5E£, -f >5^A(In)»J«Jtx* TO. 1 5 10 
^x^O. 5 J t?Z>Z£\Z£r), W^fe, 

[OO5 0] *fc, if#Fi©WI*2nma±, 6 

Sdt^pJIgt&S. 0tJ*:fcf, A rinNiO^l 
«^#F ( 6 'tt&®*tt?#FJl0>KJPe 8 

nmd^4nml:Sfbfciie*, *3t5SK^»llDL&. 
^n6©*IMS*±r). fi^#FJI<Z)BSJPte, 2nmR 
±, 6 nmaT^llt^^CltWI^Tl^o 20 

[0 0 5 1] ffi, A f y7 7lH A 1 NCOffe, GaN, 
InN, A I x G a |_j N ( 0 < x < 1 ) , I n x G a 
l-x N (0<x<l) , Al x In,. x N (0<x< 
1) , Al x Ga y In,_ x _ y N (0<x<l, 0<y 
<1. O<x + y<l),f0(t,-KSAl x Ga y 
In^N'fOSxSl, 0£y£l, O^x + y^ 
I) "K*^f v III Ktc*<B3%<D— 85£#n> 

(B) , ^U^A (Tl) TiILTfe^<, ^m<D- 
■»8U> (P) , St* (As) T>5P^B> (Sb) , 
hfXVX (B i) STBftLTfeftlri, 30 

[0 0 5 2] ^nS<OAy77Ji*ttC«)i:r 

£>, ^ssn^ffigcco 1 1 m&im&ik&vo^mitm \z 

tt, -mmiZttLT. nft p3S<Z)M;&&ffi8£:Jt* 
tSJOLTfcfiK cn^^&Mfti^l 2« 

tt±0)*««:©«^ £ dc*®^ mm tltfefiK 
[0 0 5 3] Ifi±{:Mt^A777i*, S 

tf, GaNfr*j&Z&&m*lZ&m\zmQmisTMf&L 40 

-So gP"£, 0SAfc£ A 1 N, GaN, ^CDffi, 2 5r. 3 
4tcC0A 1 Ga I nNSffll^:^^ 
[0 0 5 4] ^ 3 8 0*C-4 2 0<CCD 

fi^T^T^t><7)(Dfa. 1 0 0 or- 1 1 8 ox:<Dm 
mx\ MocvDffitMLifeSK z.<Dumm® 
a, losot-vinowiiK, se»i:, as 

L<te, 1100^115 01:^^0 1t77^7S 50 



10 

«±ICJP£2. 3/zmOAlN*^SM777l^, 
J&fii&Sl 0 5 Ot:, 1 1 1 Or, 1130t, 115 

or, 117 or, 120 o'Cco^&iasTfiEs^ii', * 

<D±\zm$ 2 /zm^GaN^^SiaSTMl/T, 
fOGaN<0«ffit*DS;-f-«3e#|ia(ll?i«L 
fzo 1 1 3 OtTA f 7 7 7lMSStfci 

Efc, GaN^IWDyV-^< 4 

11 lot:, ii50 < c^lUct>W6</^:i 

0 5 01C, 117Ot:TMlfct)0Wofc o 12 

[0 0 5 5] tW> A777iH MOCVDft© 

*mm*M**T+ R«^17;^-^Ai:g*^$ 
JBttt»4:UT\ 'J7m/*X/V^fel;ctDAlN* 
7 7MMt^> £ <h 
[0 0 5 6] -£-<£>ft&, ^JST^-^A, &JH#»J£7 
A, 4IO^^A, SS^XIi7> ; E-7«7Sffl 
^T> -«SAl x Ga y In,;^N (O^x^l, 
O^y^l, O^x + y^l, ffiri&iktte*) OAy7 

*8U <^>^P-5="-<>^fe l/-1f7yi/-y 3 > 

ftl:«fc§A t y7 7lH 2 0 0-6 0 OnCTfT^^^S 
SIK a6l:SSL<li3 0 0- 5 0 OtTfeD, $ 

£tcM£b<te4 0 0 — 5 0 ot:m 

[0 0 5 7] cn^0XA' 7 ^ U y^^IIfffi 

zm^tzmGiziz. ^yyymcDmzte. 1 o 0-3 o 
0 0 A**a*b^. .^^(:lib<ll 100-200 
0 A^l^ L < , i^I^ L < 14, 1 0 0-3 0 0 A~tr 

T>^—TJ37.h<om^j37.mmm.*P~T:l 0 0 OtTS 
»KJO*ifflabT. A777i(?)RHEEDA^->$ 

[0 0 5 8] CCO^S<D^(D*^7^X<hT>^:-T^ 
X^ffiatbtt, 1 : 0. $«5(CMS 
L<*4, 1 : 0. 1-0. 5m iffMffifttiU 10 

0 0- 1 2 5 0WSSK, SSICSSKW:* 10 
5 0-1 2 0 0tt*^ IfeSSKH 1100 — 

1 1 5 Om^o 21tl6©lllJI»*#^*^lt*fr«r# 
S^fcS-frT-, A'777lORHEEDA^->^ 

[0 0 5 9] X, CCDj:5JC^^nfcA*-/^rS±JC 
J¥£4 AimCOGaN^rMOC VDtttffifi$1i, ^(DG 
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aN<oo7+>^ - 7£ xmmvr&m&m ^xm& b 

M O C V D m T»«± fd A* v 1 r B t G a N £: £ JSfcft £ 

[0 0 6 0] d(DGaNCC»miSatt*^<^o^:©«> 
4&3^»-eA-;/7 7B£Jgfi!cbfc&, i^ST^MSLfc 

ns. 10 

[0 0 6 1] ifc, *«tCtt, ^77-f7. Xt^Jl,, 

tfU^A^^A (LiGaO,) . BiHfc^ 'J 

(MoS) fffltr^l^S^ii&JTfS. 

[0 0 6 2] It, ?§ttBlC*3HT. #FB<tiWIB<!: 
©fiKS^ma. 6 0 0TC~9 0 0T3©iiT, illi: 
#^B<hCDJ&&SSIlAT£. ATg5 0t;tnct 

[0 0 6 3] &mm£VT\z, m<tmm. 

,.[0 0 6 4].SEfc. «t75[6lj£g. (ELO) ffitbtd 
x y 3- > d/t? iz J; 0 A -y 7 r )■« * izMih 

s-a\ xy^>^atufen» 7rB^<DB«>-tfc:¥3l# 

1*5. «MK*fflt»-6*jSt««*-6. 30 
[0 0 6 5] ELOlCttffl.-r-Sffi^tLTli, 

&z>. flr^wtctt. «x.n gutes (s i o x ) , m 
imm (s x Ny > , mit^fy ct i o x > . ^ft;^ 
;i,=i-r>A (zro x ) moMim. smm&. etie,© 

^BSi> 1 2 0 0tK±©Sl!^*lit?.^Rf 

[0066] ip^. ELo\zmm-?z>&mmt ltii 

6 o o~i i o orient -5 iii#^ffc;4&>»B£fi&gie 

Sffi. *W4. XA-y^U>^(C«kOPE^T'5C:i:7!)^ 
[0 0 6 7] 

(^i*ifi^j) 04 a. #sg 1 ummmm 
fls^«*aw*u— tf i o o©«e«tjS**T^w^ 
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*l*fl;'&#l*ilM* U — -t*-* 10 0®A777ll0 2©i 

[0 0 6 8] aM&aMfcl/— tf 1 0 0cD^Un>S«l 0 
lCD±tC«. ^m^l000AWAl o . 15 Ga o 85 N =fcDJ5fc-5A 
y77ll0 2^h7-f^ (05 (b) ) Xttte^ 
t (05 (c) ) KJgJjJcSnT^*. X, ->'J3>*S 

i o i,±©;\*777ii o 2 &m^mitim)&A]kws 

•yyrmi 0 2«±®ffl^Blcli, KJ¥^10«m. *^ 
&S2x I0i8/cm3, ->'J3> (Si) K— ^tflsJtf 'J ^A (Ga 

+ B) 10 3«3ntM. Si, KIT, COn^n 
>?i7hil0 3^C r n Sl0 3j tf^«§#* 

[0 0 6 9] nJf 1 0 3(D±\Z\tmmm un. 
2 x 10"8/cm3, ->U3> (Si) K— :7A1 0 . 08 Gao. 92 N*> £ fi£ 

KB 1 0 4©±1C«, ^J¥*«Jl00nm(Dn§!7t^ KM 1 
0 5&Mf8.t£n~C^Z><, *nl» KIl 0 5 * 
^3B«2x 10i8/cm3©->ij a > (Si) K— :/Al 0 0 ,Ga 0 99 N 
£&100nnrf«B biffe^T**. 
[0 0 7 0] nI3t^-f Hil 0 5®±lCll GaN^ 
^Sif^enmffli^MIl O61iAl 0 80 I 
n 0M N^e(S5if 154 nmOif 1 062t 

j^5K«JISnfc*M*f-#p (MQW) *Hjg<DfStt 

H06 ^fie^nTv^-s-. «^wmb 1 o 6 1 «3 

A. if#FI 1 0 6 2 H2IT*3 1 , 

[0071] n©^£a^#F«*ig (mqw) om&m i o 

6<D±tc«. ^)?^Jl00nm<D vMJtU^f KB 1 0 7iim 
fifcStXTU-S. KB 1 0 7tt. *"-J^*5 

x ioit/c* <PT (Mg) K-^Alo. oiGa 0 . 99 N£ 
*5 1 OOnmfflB b tc fe CDTafe -5 „ 
[0 0 7 2] pl^-f KB 107 ©JilCB, SI^Jl 

nme>-fc—)v®mxwya&T>?*i/<yi± m k-t'ai 

pMZ^y KB 1 0 8CDJ:trli. gt^300nnu 
*-;i/^S5xl0iVcm3, T^^v-^AtMg) K— T'GaN^ 
5»fi£^pSn>^d7 KB 1 0 936*»BK$nTl>*. ^b 
T. pia>W KB1 0 9±lcNi«® 1 1 0 ADWftl 
SntHS. X. nil 0 3±t^ttAl^e{£?>««ll 1 

[0 0 7 3] ifelC. 
•tf) fflS**ftlCOHTRWt*. ±IB«3t^l0 0 
14. *ate«<t^*affi««ft (£AT TM0VPEJ 

(Ga(CH 3 ) 3 . KT TTMGj taBi") t h'J^^T;^- 
^A(A1(CH 3 ) 3 . «T TTMAJ <hlB"f") i:K'J^^;U'f> 
^■^A(In(CH 3 ) 3 . RT TTMIj i:IB-T) £->7>(SiH 4 ) 
i->^D^>^^X-;i/^y^->^A(Mg(C 5 H 5 ) 2 , £i.T 
TCP 2 MgJ <hie-T) 



^512001-160627 



8 V-y 



13 

[0074] £f\ yyik^mmm:^\:\)^m^r 
m&Ltc din®, doom, xtt. (no) mz^mt 

Lfcn-vU3>Ifil 0 1 SMOVPESKDKSS 

m liter/»Tttl0»BS*a»cjWbtt*«6il«lI50t: 
1 0 1 £^-^>^LAco 
[0 0 7 5] £<D», SS10 l^flffiSrllSOncflSJ* 
U N 2 £ttH 2 *101iter/$h NH 3 £101 i ter/fl\ TMG * 
1.0 xi(H^/», hU *^;i/T;i^-^A(A! (CH 3 ) 
3 ) (KT HM j <hffi-T) £1.0 x lO-s^/fl^ H 2 # 10 
XtCcfc DO. 86ppm lC#3RSnfc>^5>S:20xiO-8- : E;U/ 
#T#y&U KWftlOOOA, SiSftl.0 xiOi»/cn»©Al 

[0 0 7 6] &lc,* 1 0 2(D±li, —a 

tc; SiO 2 S&X/1^^U>^CJ:OKiP*92000A^^J5E 
U [/yXhS:if IT> !7* MJV 2*^:7 -f«C<fcD Si 

GQSi0 2 Jl£^X^chLT, Al 0 . l5 Ga 0 85 NcfcOJ5K^A^ 
77ll02^K7<X7f>^U '^7X^ (Si 
0 2 J1) Siilfc. C^^CbT, /b77il 0 2 20 
<D±85««B<Beb*i»5 urn, g« 1 0 1 <Dg£iJ®^ 
AOimffiafims tim<DXh?^7tfi (B-l (b) ) X 
tt*T« (HI (c) ) 

[0 0 7 7] ^(C, MOVPE 0-l©«flEft 
1100t;K:UTN 2 Xfcffl 2 £201iter/$j\ NH 3 ^rlOliter/ 
fl\ TMG £1.0 xiO-4qE;P/», H 2 #X fcj: 0 0. 86ppm 
\Z^m £ tlfc v- 9 > * 20 x 1 0-«*;i//»TttJ& l> T\ »• 
JPiS$10Mm<£>G a'NcfcOjBfcSnJB 1 0 3 *X^+yt 
;l>fi£g$-yryc 0 GaN tt. Al 0 I5 Ga b 85 NctD 

«S/^7ril 0 2(D±lz. ZL<D\l 0 . 15 Gao. 85 N £4£ 30 

fiio i<Dmmm&A<D±iz\*v GaN «xw+yt;i/ 

Ttt, Al ai5 Ga 0 . 85 N«tr3J5ESA*^7T«l 0 2_htc/£ 
SLfcGaN ^r^chUT. GaN (y'j3>Sfil 
0 1 ©«aric*B5<t¥ff*:iriPl) l:^TXt^ + yt 

[0 0 7 8] ^GaNJ:D^nil 0 3H Al 0 15 

yUn>ssi 0 lco^ffi^^A 40 
«^0Xt^ + ytMfiTfe^^^l:, 
fct£C&(,>o y'Jn>$fii 0 l<£g 

Ul«*A(Offi**Al 0 . 15 Ga 0 . 85 Ncfc D«5A*; 7 y 3 1 
0 2<D±Um®BCD&m\Zlt'<T±Z<-rz>Z.£T\ J£ 
^I«l:iSo T1S« ttCflff SG a N± 0 fiE5 n 1 1 0 

[0 0 7 9] ±f2COnSl 0 3*Jgj£Ufc«. N 2 Xte 
H 2 , NH 3 , TMA, TMGS^v^XSiH 4 )*«^LT, RJP 
3§l/zm<E>Al 0 08 Ga 0 i92 N*5/S5na{7 7 7 K110 4 

^{CN 2 X^H 2 , NH 3 > TMA, TMGX^>^> 50 
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(SiH 4 ) ^«LT, Al aoi Ga a99 N^6«*HW»*?ilOOnm 
<Dnm%m Kil 0 5*»J*Lfc. 
[0 0 8 0] £<Dnffl#;«K FJBl 0 5<D±«c. 

N 2 £*-v'JT;tfX£LT. fflaStfMGSflW&l, 
T\ nS^KB10 5©±C, GaNA^^lf 
«6nm0f?|«ilO6 1S»j58Lfc Q dCD^rCD. 

teajsEfiiastt 6oo-9oot:, TMGcowi&an 2 — 

1 O^mol NH 3 (D«J&»411 slmT&<5 0 

[0 0 8 1] XilZ, N 2 Sr^-vU7^fX<hLT, NH 3 , TMA 
RtflMfclfcifcLT, A 1 0 80 I n a20 N^6rit*BO» 
*tJ4nm(7)*^#F^l 0 6 2*mj$LVfc 0 CK^ff$CO, 
teSfiKft»ft«6 0 0-9 0 Ot\ TMAROTMI<0«*&a' 
»^2.-l OMmol /9t. NH 3 co«jS&S«ll sinrc* 

[0 0 8 2] fi^fg^g 1061 £*^#F/1 1 

aN^£j5&£JgiJ¥i^6 nmCDMTPtgJf 1 0 6 1 
Lfco ^^pl:bTA 1 InN^^ifJtFil 
0 6 2 «r#f *MQW«ifi©Ste»l 0 6 *»J5fcL&. 
[0 0 8 3] ^tcN 2 Xf±H 2 , NH 3 , TMA, TMG&tfCP 2 Mg£ 
IT, Al 0 01 Ga 0 . 99 N^ <E>f&Z>mmm\00iim<d p 
#-f Hi l 0 7 £^/£Lfc 0 ^tc. N 2 X«H 2 , NH 3 . TM 
Av TMG^^CP 2 Mg^^UT> Ki¥«JUm<DAl 0 08 Ga 
■o.92^6J*Spai"*7y FI l 0 8*»jJLft. 
[0.0 8 4] fflftSllOOtlcffRH^.NjXttHa* 
lOL/min. NH 3 ^rlOL/min, TMG^rlOOMmol/inih. Cp 2 Mg^:2 
/zmol/niinT#ALT> -*if'*z/*7l± (Mg) ^K— h°>^ 
$n^c> ^*5300nmc?DV^S/^A (Mg) K~y<DGaN^ 

[o o 8 s] wz.'n^mmmms&m^x, p sj> 

^^hJ110'9. pffl^^y K»l 0 8arXp-fi3ttif-f 
KH1 0 7tc-«^«^Pj»SBB»Ufc 0 *?«ftOflg»f« 
frtt, SD^affi^lOkV, K»*«1mA, 
SO. 2fflm/s> tf— AS60/im*, KSKSO/xTorrT*^. 

S5xiO»Vcm3, 5xiO>Vcm3, 5x l0iVcm3<t^:ofco 

[0 0 8 6] &\z. XA^^U>^JC<tOSi0 2 S*^ 
-^OSi0 2 ±fc:7^ hUyX h^^SL, 7tH'JV 
^^^*frofco ^tcn^l 0 3 fc:#r*««»J«SWfi[ 
7*H/y^hSRSU M/y7 htC^oT^^ 
nTV^7S:^Si0 2 ^€:^^'ffc7K^^x^5 1 >^Tl^* 

[0 0 8 7] ^fc> hUzsX hS^Si0 2 g{CJ:oT 

7V ]>M 1 0 8, pi3t^ HSl 0 7, ffift^l 0 
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6. nSfttf-f KH 1 0 5. nI^7-> KJf 1 0 4&.tf 
nil03 O-eeS:*^a0. 04Torr. S5/3i£tt7J 0 . 4 
4W/cm2« Cl 2 #X£«J&L h*7-f X^>^U ^© 
tArTh'7-fI-yf>y'Uc. dCDXST. nI103 

[0 0 8 8] r:y^r;KNi)«r^LTpS!3>^ 
? hlf 1 0 9 0±IC11 1 1 OA^Lfc. -7^, n 
II 0 3{C#LTl;t. T;l<5->}A(Al)£|&»UT*g 
110 B£Jgfifcl.£:„ 

[0 0 8 9] &M&3&vB&mf$.-?Z>frtb K7-f X 10 

JgflU — moOH. Bfttiltli lOOOmA JCTfSftffiTj 
lOmW. ^«tf-^iSg3 8 Onm (#$££) "Cfeo 

[0 0 9 0] ft. ^<D¥m&U— tfl 0 OlC*5^T«. 
iSt/W >S?^A (In) ilJiitWS^ #FE 1 0 6 2 
Lfcfc.*. ^©ftT#FJf ©rtgEfCfet^T I nN»^ 

£3B£-ri\ C©fcsi>. ±E©«i:A»&i|£i» 20 

[0 0 9 1] igVW >v"^iUjgSlt«)fi^#^S 

1 0 6 2£J6M£-r-5C<t:K.=fc9. if#FI1 0 6 2© 

[0 0 9 2] R±(DltlCbT, Qm&S&tm? (LD) 
*Hifi-r*Iltft:«fc»5> ^SHfcfBfc*^ (LD) com^s 30 

[0 0 9 3] ft, JbEJtltflC£fr>T. Xh7-fy«X 
tm^tttcffi^n/tv-'J =i>Sffil 0 l©^tf}®J|tA. 
©4ta£i&5 (imtLfc*s; StBffi*£A©4i art*10Mm 
£ j&x. & £ WCftft ©J&fi (CSBtP^i^g «fc 13. 0 , v U n > 
*«1 0 l«^tB«^A<7)i|ia*U um$m\Zt3.Z>t. 
&J?ftGaN Bi©I5<&*iffllS<h&5©-t?. SSU<ttl~ 
lO^mWligH^fiV^ S/t, Al 0 , 5 Ga 0 85 NJ;0fi£-5A* 
77711 0 2©±gB®*£B©ifIb£5 /zmtLifcA*. 40 
Al 0 . isGa a 8 5 N«k 9 i£3A-y 7 7 If 1 0 2©Jt3PSH£B 
Wtsb^lOwm^^^tiK^^OSi^Ji^L, ± 
8BH«B©IBbAU Mm*^(C&.*>i:8$77[6]©fiEg©;fc 

*L<«l~10/im»eH*^t^ Sfc, nI103© 

iSfBtt©i*>b, s>u n ioi ©sai®*£A© 

4Ba©Al 0 |5 Ga„ jsNiO^Ay77i 1 0 2©_tg£ 

mm b <Dm b (c^-r-sw-g- a / b « 1 ~ io#ii£ u 

[0 0 9 4] 6l±Oil;, y'j3>SSl0 1©SffiiS 50 
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J£A©®fg£Al 0 | 5 Ga„ g5 N cfc DfiE&A-y 37 rff 1 0 2 
©±BB^B©®ffiicit^T;*:^r<-f -SCtT. 
WlCg[oT^Stt©A^nSl 0 3Sr^fi£-r-5C<h*i 
->'j3>a«l 0 1 t^OiWGaN lite 
#W«C^-&bTU^:^Aci*»C, GaNiO^nllO 

[0 0 9 5] Sfc. #Sg 1 IWSfllTfi, ->U3>M$ 

«, g«©gM£S«±KJ&/££n*:lit^Jf ©^_hjf £ 

[0 0 9 6] Sfc. *JB1#EW«-C«, /b7 7 I10 
2 ©ififtj££:Al 0 . 15 Gao 85 N t lfc*?. -«SiUl x Ga y In 
,- x -,N(0 Sx^l.O^y ^1,0 ^x+y =£1) <D&miB.I$. 

5. ->U3>S«1 0 lllcitfi'+ytMfi^ti-S 

Al x Ga,. x N(0 <x ^1) (A1N £-£tr) AilSL 
^. *7t. nllO 3tt. -flS5£Al x Ga y In,_ x _ y N(0 
£x.£l.O ^1.0 ^x+y ^l)©«*jaj6£lt© IIIi£ 

mmmt^%i*mw*:m^z> c t^-c^, /x y 771 
fo^^**. isi 0 1 {c^L-txfcf^^->T;^SL;ft 

[0.0 9 7] Sfc, *^ 1 3^iSCS|"C«. A77.7IIO 
2©^$-^jl000A<i:Lfc^. A777II O 2«jpti 

tL^=7v^ifi^<is.Ki. m^£.nvV7m 102 

LTnI10 3«SL^. i^T, Ay77llO 
2©i¥3tt. 500 A~2000Ag«7!)*3£L^o 
[0 0 9 8] (SS2.3KEttM) i6fl *^2*JS0iJ© I 
II*SaM:**te£tt#i*fl:U--9 , 2 0 0©«H^jt^^ 

2 0 0©«ig«, H9te©^imS««J©¥^«:U— tf 1 0 
0©«»£©SMBO&at*l,>!&i, *^l/-if2 0 0C9 

*• 

[0 0 9 9] <*mWV— If 2 0 0©^tS:^?S> 

(1) MQWfgtt^2 0 6 

(a) I^#Pl2 0 6 2 (A 1 ,. x I n x N ; x=0. 
30, KJP*95nm) 

(b) IffI12 0 6 1 (A 1 |_ x I n, N ; z =0. 
05, Sp)ll5 5nm) 

(2) nv-7rm2 0 2 

(a) -*m&wmm2 o 21 (ain, rjiwis 0 0 

A) 

(b) IM12 0 2 2 (GaN, KJ?*«J0. 3 M m) 

[0100] in-^. 06©#s^w— if 2 ooit m 
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2 0 KD±\Z\t, ' nyVrMl 0 2i)Wf&£tlT^2>. 
u©A777l2 0 211 0 61C*-T5lftfliS£Wf 
B0^, A'y77l2 0 2tt. mjf*«j500 AOAIN ^ 

eB5c^^^n?os2 o 2 1 1, mmm. z a^es 
&mmn 1 m2 o 2 2<t££5tc«jsu*:?t-5jitf>:£ji#i 

[0 1 0 1] Si. nM3>^i/h^ («*+U7»flEn 
*Jg) 2 0 3. n^77H12 0 4, nSfTttf-fKJf 

2 0 5 ommmmz-o^-cte. f^i mmm^m^u- 

+flO0ffl#¥®#^ (nl3>^^KI10 3, nS 10 
iry y KI1 0 4, nS«-f HSl 05) tBS^W 

[0 10 2] nS^ FJf 2 0 5©±lCte. 

«fi^#F (MQW) «jg(Dffitt@2 0 6 7j^fi£3tlT 
l^3„ Cfflffittl2 0 6H A 1 0 95 I n 0 05 N^efi£ 
-5KJ¥iK) 5 n m<Dfi^pg|£Jf 2 0 6 1 £: , A 1 0 70 I n 
0 -30 NA^J«SIBJP*lI5 nmffl!f#F12 0 6 2 <hrt* 

xstswansciKj:?). «■ 1 3 mo&mffife&m 

LTH*. HI-B, Cfflgffii2 0 6H 17KS12 0 

6 l*tfr7Jl, if#FI2 0 6 2*<M-6fl®£6JflXI9 20 

<D&mm?#w (mqw) ahst?**. 

[0103] pSM-f K12 0 7> pS55yP 
12 0 8, pl3>^^ hg2 0 9, Rtf, iE««i2 1 
OA, H*I2 1 0B©&tf$fi£{C-^Tte. ll» 

cD^ag^i^-if i o on&ttmmft (pSBttf-r kjii 

0 7, pS!^-;/ Kd 1 0 8, pla^^hflO 

9 , mm® i i o a. usii 1 1 o b> vm&tmvm . 

[0 10 4] «T, tf 2 0 0 ©§?jfi3fj£tCO 

liTiS^a. y-*2 0 0O#llt #ttl&JS 30 

£TF. ftlC, A777I2 0 2WKjfXgtCOtiT 

[0 10 5] W77712 0 2WSigIig) ST, * 
«St^RO«:iiSaaCJ;Ogfe^LfcKJ?^)100 ~400 
©¥^S©-y-7 5"f 7M2 0 1 £M0VPE 

m2 1 i t e r/»T5(frt K fift b & fift 1 1 00*0 TiJ- 7 7 
-f7Sfi2 0 1$lifflI'yf>^Lfc. 40 

[0 10 6] JWC. ®S£ 400-Cg;T<£T£-frT, H 2 £ 
20 liter/», NH 3 £10 liter/ft, TMA £ 1.8x10-5 
W^T'MLT, BtJP& 500A<D AlNckOt&Sl/f 
@CD^S^Hfoe2 0 2 l^MLfc. *1C. 
7SS2 0 l©^a€:1150'CtC^L. H 2 £20 liter/ 
NH 3 £10 liter/#\ TMG £ 1. 7x lO-^k/fr-T? 
«$&LT, ttJli&O. 3 /xmCDGaN fr5j&5Jftgaj|2 0 
2 2JMWc. 

[0 10 7] ^7 7-f7SS2 0 lWfflflE*. S 

*. 400 < C^T?{ST$-frT, ±E0 1«B©T«E^«SI 50 
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S2 0 2 1 (DBfiLtm— £#7?, 500A<£>JP£©A1N 
eB£-5 2@@<D^FS^fnS2 0 2 1 ^fgfijcL-fc. ^ 

»c, ^7 7<7S«2 0 lwiassr, sae. nso'ctcji 

*fT. ±E©*»«JB2 0 2 2©»jsfc£:W— *frT?, K 
J¥iS$0. 3 MmroGaN i6^5£5fMI2 0 2 2£j£p£L 
it. S£>lC. ^77i'7M2 0 1©iaS$, ffffi, 4 
00"C3iT?ftT3li~C. ±B&mklc. 31@CTIM 
?nJ12 0 2 1 EJllCilcLT, 0 6OA*-y 

7 7® 2 0 2£J£j5£L/t. 

[0 10 8] «tt)12 0 6CD8JjgIfIlC^ 

1^T«, £TFC0iIDT<&o£:. (ffittH 2 0 6 (OmfeJl 
®) nWytiJ'i VM 2 0 5 £ffi(B^. ^rSISDlC, N 2 £ 
+ t'J7^XtLT. NH 3 > TMA&OTMI£#t*&LT. n 
SDfctf-f KH2 0 5<Z>±tC. A 1 o. 40 I n 0 . 60 N*^e£ 
*KJ»tt'5 nmCD»^M®2 0 6 1 Sr^Ufc. CCD 
M^fiKSiaS«6 0 0~9 0 0t. TMA<D{&S£S 
it 2 ~ 1 0 Mmol /#\ TMI©^*&»tt 1 5 ~ 1 0 0 ixm. 
ol /$h NH 3 CD#t$&»«ll slur*?**. 

[0 109]*l:> N^+tU?^.!:^, NH 3 . TMA 
S.rAMI£ttl&bT, A 1 0 70 I n 0 30 N^e>fi£-5^JP 
*5 5 nmffllf#F12 0 6 2 SrPfiKUfc., Z\<Dmp. 
^SfiKSia«tt.6 0 0~900t, TMA(7>«iiiS»« 2 ~ 

1 0 wmol /#\ TMI<0«i^»tt 15~100«mol / 
^> NH 3 ©«J&a«U sliDT&-2>. 

[0110] JEIC. IfiMI 2 0 6 1 tI?#Fl 2 
0 6 2t*i-^ftT5WMU 3Ete:> ^o±Ica 
1 0.95 1 n 0-05 N?a^6.fi)cSKJP*5 5 nm©i^iti 2 
0 6 l£»fi£bfe. «±©«ltcL-T\ 0 6«fS14g2 0 

[0111] -c-ottoiMifrjiaft^tcwaatfcoiri 

T«. ^l*^J<i:BSI^«<DKiS*^tCJ:oTfijtb 
it. d«J;plcLTSajg^tlfc¥^l/— tf2 0 Ote. 
KWl«oSt« 1000m A iZX^ytmt! lOmW. 5!ig f - ^ jft 
4 10nm «ffi) T?feofc. 
[0 112] iSS, CW^^U-— y-'2 0 OtC^t^Ttt. 
iSSVW >z/<7& (In) ?g^ftoa^#FH 2 0 6 2 £^ 

[0 113] ^fc, giVW >> J ^A/gSit(7)»^igg 

2 0 6 1. X^. lf#FI2 0 6 2*»j*-r*C<«:»C- 

^, ffitt®2 0 6£Jtfe«j^^*K^fiS;-r^:i<t^T?^ 

[0 114] £A±©^lCbT. #^fffg7t^ (LD) 
^SjS-r^CltlCiO. ¥#^5!7tm^ (LD) 
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[0115] -ifetc, ±ge«m 2 aaaoatc. 

Fl 2 0 6 2<D-f >^'5A(In)SfiJ5S;]tx^Se3l5«kD ; foJt 
S^^S^2 0 6 lOT^'J^A(Ga) 
SflPEJtySr r y = Oj . r y = 0j Xit ro^y<o. 

z<x^lj 3$) TIC*>UT> m^-B&m 2 0 6 1 (D& 
-fStSSSrS^FJl 2 0 6 2(7)*&^SC{C®^i£^-5 
^ItAiT^-S. ±fB(73^flcU— tf2 0 OIC&H 

t«. cne,o)^ffl{c«to, ^aa^#F#iifi<35fttte 10 

2 0 6 &0. Ssm^J. U^^<S«dit©<S 

[0 116] -A£»C. dCD^jg^ttT«^ig 

12 0 6 1- 5;Mtnil 2 0 6 1©-f>y 

£•5. Z.(Dtztb, m^mM2 0 6 1 !CJ;^Tt)»T# 

fi 2062 tmm<D&tiiig%}ftm : £mz>ziitf-vg 

20 

[0 117] ±SB©¥3H*U— tf2 0 OHiiUT 
te. ffiftl^lH 3iiO«fi£^tlTI<^ (N=6, 
M=7) . COtt&MttmftT«ttS2 0 

[0 118] Sfc, ±iH»«ICA'y7rM2 0 2^#1 
^i-r^dtT. ^-»^(c«M$n.5#^g (2 0 3 
~2 0 9) ©^JM$£ft±£i*3CI<i:7!>>*-C^-£:. 

[0 1 19] BJ]^. z. tolled; 0\ *«®*^«EtCM 
** ; F*a*«*«'&«iftlB 2 0 2 1 t^S^B 2 0 2 

0 . Sa%»C9S^±|c feS»^Al x3 Ga Y 3ln,. X j. Y 3N^ 

[0 1 2 0] ftoT. U 
T¥8M**?«*&Lft:**K:f2. 3R7«»Ar«<IMI 40 

5. 

[0 12 1] jBj. *JB2*J6«-ett, *S£afDB2 0 
2 1 tfSAIN *a^fcjWB©2 5n3R<DGaN . InN ^>3?t 
^CDAIGaN . InGaN . 47E^<^ A iG a InN fSfflHSCt 

nanaaTajssn. ^-cop^ttioo -loooA^a* 

1^. 50 



20 

[0 12 2] X. 7ft£ttafl±(CJgj£3n«J|MSAJ| 

aa«u»xttraai»aT?t>aj3cJt*taa:a>b©T? ! ba 
t». coaaaattt, GaN ©a, 3 5£3* 

©AlGaN , InGaN . ffiSajE£J*©4 5cJ&©AlGaInN 

d05#^sa©«aas«*i(es*< 

fiJtgT#-3iag?T<g>-5<, -IRWI:, ©£te500 ~3000A 
oaa#<aSLb>. X, ^I&iftltWiatfflSI 

[0123] *§-&i|gftlJI©JP£ $ 1 0 0 ~ 1 0 

00A, JtMSJIJf ©J¥££5 0 0~3 0 0 o ktr?z>z. 
<hK*J:D. ifcUte, *g-&a*na<OJ5£giBS£ 3 5 0 ~ 

8 o ox:£-rz>z.nz£o. a^RB^s«®*^a« 
tr**wwica (sen. **-r na, ^j^hi, u 

T€T-5. f*SSI2 0 2 2CfSlt 3 0 0 OA 

[0124] ^B-g-^fDH 2 0 2 1 <!:Mie 2 0 2 2 
tt> — rAI x Ga Y In,_ x . Y Nj T^$tl^>tt.«(D*aj5£Jt 

zziztfT-zz. mz, ^Fa^asis&AiN . aaaa 

£GaN i-r-SCtT. BWtr*GaN ©a©t&T^RS^ 
S£*#<<!rF£lt3;i£an?#.5o X, SS2 0 1I: 

[0.1 2 5] S&W^FS^If Si® 2 0 2 lfiJtJf^ 

c: t a*. ni3>^?n2 0 3 ©aait*> £ fe\ li 

[0 12 6] Sfc, A77rl2 0 2©«itU(t 

Atf. zn*><D$$m mm) tt. s-affcapt-cba 

[0127] -y-7 7-f-\rs«©±{c, igia^g 
(*54oot) ©a i N^gfBi, mmnsum<D 
GaNi og*§i&B) . GaNTmsmtam, mmm 5 

fmOGaNI (#^^@) ©Il^gStfci. 
0lfl95tfm©GaNi 0Q^®lcSn7c 
l7ft'7 hSccoffi^S«. ^J5 X l 0 6 /cm2 ggt 

[0128] X. *S2 ^SSfi&JTtt, SttS 2 0 6 <DM 

*#a%*?*£*f?saaa2 o 6omn m-a 

(SQW) ^ig-efeAt^o *7c. SttI2 0 6ffl 
J?5ttl00 MOOOAgST^ji-efc-S. 
[0 12 9] ($3HJSW H7tt. *M3HiggiJ<?D I 

lltt*ft;«*ft:6*¥tt*i'— !f3 o o©fflB«jgSr* 
[0130] <*m& u— tf 300 ©±^#m>*m 3 



^^2001-160627 



12 V-y 



, 21 

mmmo)*m& u— if 3 o' o ©sg i ©£&#&(*. s 7 

(1) MQWgttJf 3 0 6 (^ih5JiT. 2^»©MQ 
W#|jg) 

(a) if#F13 0 6 2 (A 1 In, N; x=0. 
20, mJ¥$}5nm) 

(b) STKHH3 0 6 1 (A l|. y Ga y N ; y=0. 
80. IfU5nm) 

[0131] it9fB©|g 1 *JfiWrtt, /\y 7?1 

ill, Al„. 15 Ga„ g5 N <fc 0fi£-5A*-;/ 77l 1 0 2rtU 10 

mt~.rtWLrt*>nT^itt\ *jb 3 u-tf 

3 0 0 K&^Tte. Mf^l&^21MCDA7 
77130 2£ffl(^. «*fa©*£.Sfijtfifeffl^£*iJffl L 

CO 1 3 2] EP*.. *#^U— If 3 0 0©Sg2©±& 
4**tt, «T©«lC. Ay77l3 0 2«Snw 

(2) A 7 77l3 0 2 (-hT-aff 2 IT', X-i/^>^ 
tC<fc5DD£»fliM*) 20 

(a) TI^ftI3 0 2 1 (TS ; A 1 N, IgJPi^lO 
00A) 

(b) 1^130 2 2 (Jtjf ;GaN, ^jP*51000 
A) 

[0133] i8(i *&3mmm<D ummtvamtt, 

■SVa^mfcl'— tf3 0 OCA'7 7 713 0 2©#tif£« 

■TWiCWttWfiBHT**; , »7r<-V*«3 0 l©±lc 
«^J¥^1000AcoA 1 Ni0eK-5^FS^?aH3 0 2 1 
tl. dW^Fg-S-lgSlIf 3 0 2.1 ©±fc. KJPifSj 
1000A©GaN«fcDj?fc£*ej|JI3 0 2-2*i»)S3nT 30 

[0 13 4] ^g-&H*aJ13 0 2 1 tl«113 0 2 2 
tt/'!777l3 0 2^«^$ntlr^ o dtlS©^ 

drotui 3021 tmm&m 3022 e «, $g 1 mt&m 

^SI3 0 2 2SO*tr7 5"f-VS«3 0 1 ©8Hi««A 
±Ctt. SIJPii310/xm©GaN .fcOfiS-SnSu^^ Ml 

(&*-*- 'J 7i8gn + f§) 3 0 3A5M3tlT^5, 

[0 13 5] *^3H;6SC9]cd 
WV— !f3 0 0©8?i§*i£te. 40 

•tf i o o©«ifi*ffit*< ©affile *^3*^ 

WriS^Ttt. *-r««3JC, ^6£ifSfnJf 3 0 2 1 . * 
IC. «HAR|3 0 2 2^U-7Tl'-^*fi3 0 l±K-fH 
(CJgfifcLfcge. R)f^1^->©Si0 2 B5:VX^(c:bT. 
^FS^ISJ/1 3 0 2 1 iHMSilJf 3 0 2 2£ h*^< Xy 
5 1 >^L. ^-©^vxi7 (Si0 2 «) £Bfc5fc-f-5„ 
it), 01 (b) Xte (c) tC^-Ti^fc. 7,h7-f7" 

[0 13 6] fcfc'U *i7f>y , i:i? 1 SS3 o l 
©-&£±#K^aj£#5&g7!>**r3^57W;J:. 50 
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mam 3021 ©bijp^. ^s^igfn^ 3021 omm 

*3^T«. /h77l3 O 2©0DS6 (^Tftgfcft) »C*5 
<^T, Sffi3 0 1 £!&-rbfc®ffl£-&-5<&gte;£U>. #J 

^g^tfcJJI 3 0 2 1 ©BtP>4WH«^?K:te. 
^FS^^ftS 3 0 2 1 ©T*©-gB#. S« 3 0 1 ftfg 

mistz^mizmm\^T^Th&^. 

[0 13 7] fcfc'U, Sa%M±(C*5Vt^)^^j5£giSS 
©T. A'7 7?i3 0 2©Hg5©S?£a*g:a^O+#lC 

[0138] cfflciii mi^m&nz^rh. mm 

IP*.. Cinero^TjlSlfiKSjgSTSSii^-S)© 
f*. »«, XliA'777l (^F&^HSiJB) ©SdiffiJr 

tt. S£3 0 1 Sr^fctSSr-e, A*777l3 0 2© 

GDSB©^$tt. l£JPi&2000A<h. +»\z&< mitts tlX 

[ 0 1 3 9 ] •€-©*£©. IKJ9£jl0tfm©GaN iOfiESn 

m=i>*{7 hm gs+-v UTggn* m) 3 0 3©« 

[0140] ft. cine.©73^icsoaiTiKgBKs-r-2) 
ni3> ; ?^i>i3 0 3ffl^Miii (ftm-yfrm 

teEXTVMQ-V&Z. IP*.. GaN JcD/S-Sniyrn^:? 

M3 0 3fl GaN i^5*^113 0 2 2 ©±g&« 
i£B©GaN StiLT, ffi£^it73|pJiCjE£fi-r-5. ^L 
T. t77'ftSi3 0 1 ©^ai®^A-C«. 
3 0 2 2©8ffl««B±lCdcSbfcGaN SitlT, Ga 
N mW5mzz.\±i?*i'*)\'tfL&.-TZ>, 

[0141] Cl©J;plCbT. nl3>^^M3 0 3 
©)SSiiSTtl, nlD>^^hi303#f^A13 
0 2 2£&£LT^77ft»C*>^;7jfrCfcxe^*->^;l, 
j5£g-r&©T*. ^lUifi^iiOfc. &Att©ffi 
^nin^J'HS 0 3^#^,n^o 

[0 14 2] SEoT. ±ia©«tCbTPfiK$tlfcnS!zi 

vmmv> umm<m%{t€>vo¥mfrm<n±i,z, 

-mz, %?t*m— h\ !f (LED, 

ld> ^©isttoAjffc^ttajte/gjtt*^**** 

[0 14 3] ±Se©cfc-3{CL.TSii$n7t#««i:l— +f 
3 0 0(1, fg»m»itH1000mAtCT^ai73l0mW. ^ 
Hfcf-^Stfitt. 3 8 0nm (^^) 

[0 14 4] ».±©«{CLT. ^Wft:*^*^ (LD) 
^SifiT-SCltfC.toTt). (LD) © 

#ift£g< l. mmms. mm\^^\,m) z&t 
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CO 1 4 5] ft," *f&3'Mmm\Z&^T. ««3 0 1 

fc. ^ i h^jcd^# u— tf i o ohmmtz, 

[0 14 6] ifc. *MI3 5lig0ijK*>l,>T, !JMgJlJf3 
0 2 2tni3>^^ H@3 0 3<h£GaN tLW, 
SSHJf 3 0 2 2 tnS!n>^^ hJI 3 0 3 ii&ffim-®. 
f&ttO) TA1, Ga y Ia,. x . y N(0 ^xgl,0gySI,0S 

x+y ^dj ioss 1 1 1 m&it<&m<t-£t®i¥m& tit 10 

[0147]fiU *«3 0 l<Z>-gB£±IE©X>;/^> 
^<OIKK:«ttiaii:fc#&#K:tt. «jeAJI3 0 2 2IJI 
«3 0 1 C*fLT. iti&Wxtf^J'^j&gLgt^Sa 
J«tfctr-*CtjWa*UV». CTAkf, Sfi3 0:ll:y>j 

fl:-&4&¥3S**«^«©**&v».- f^i§3 o 2 

2(DffiJ5£Jt<i:. n 13 £ hJI 3 0 3 ©i&J&Jtttt, 

[0 14 8].HK. £ns©abSrfl)tffiia8T*»£ 20 
fr-SWti, XliA*'y77§ (^Fg^UffUf) ©g 

taste, «*i«ij««aif©e«««tpfflK:«i:D«ji*n 

^flgftlC&^ti^JoTlA.g),; 30 
[0 1 4 9] SEoT. JiE©SB3*ttWT?l4. WMI* 
3022fflffl«itt. nlJ>3>^>1.3 0 3<Z>*&fi£Jfc 

mz. z:ftb<Diioffiftx\ttfo&Wttfcf&&mig.<nMm 

[0 15 0] M, ±ffi<D^l. K^3Hia0i|(C*5U 
T. H-7 7-ftIS3 0 lXtty'j3>Ifil 0 1^ 
6. Ay77l l 0 2XI3*fiSl3 0 2 2 ^TWgU^ 

etO*«liG a NIS$#S C t*iTt 5. ± 

&6£jt©InGaN 3?£ffl^Tfc&^. 
[0 15 1] Sfc. ±fgCD?gl. S.^3*ig^Jfc:*5^ 

Mmmr'^Ltzm^ essa^itwAiGaN .tOfiS:^^ 

^Iffcljf^. ffitiS&fiSit© AlGalnN^DPE-S^S^-MSJ 
hJf 3 0 3^1,13 0 2 2 «©*jgS^ia 
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(iffiL^T^^ T-xncD^sfiiig* utcbcom&mm 
[0152] sfe. ±m<D&mmmiz&v2,rt-y7 7 m 

10 2. A-->77i2 0 2, A'v77l3 0 2ffl 

Km) <r>m.mt. a i nwis, GaN, inN, ai x 

Ga,j x N (0<x<1) , I n x Ga,_ x N (0<x 
<1) . A 1 x I n | _ x N (0<x<l) . A 1 x G a 
y In,.„N (0<x<l, 0<y<l, 0<x + y 
<1) HTt>fi<> Sfc. TA l x Ga y I n,_ x _ y N 

(O^x^l, 0£y£l. O^x + y^l) j fez,®. 
J5)£^(C*3^T, III m7tm<DO^>(D— gB£#D> 

(B) , ^U-7A (Tl) TK9UAcfeCD^ffl^Tfc6 

<. iK^tt. (n> w-gp«r'j> (p> . mm (A 

s) ... T>-3^E> (Sb) , tfXVX (B i) fTl! 

EM5 3].*fc. ^2HJSCSJ©^^Ur— y-'2 0 0© 
A'777i2 0 2tC*30iTtt. 31 1 RtfSS 3 *Jg0!|<ZK 
¥##1-— tfl 0 0, 3 0 0fflnv77ll0 2, 3 0 
2 ; 0>ttft. Xy^>^{Ccfc3A*y:7-;r/f ^(DKIiSlM* 

(&?£#) OJBritttStEKb&^-D n 7 77l2 0 
2K*5<,vc*>. ^l&^3*iSM<t:|SHt{C. ifcfcWS 
£ia-5###:|f (nl3>^i7M2 0 3) <D#b*r|Rj|£ 
J; £ i&flte©ft± £ @ W t -T S -hfB©#^x ^ > 

[0 1 5 4] BPS. A' 7 77ii:LTIl «jfctf Ta 1 
l- f - g ;G.a f In,N;(0SfSl; O^g^l, 0^ 
f + g^l) J J:OJ5rES27C. 35c, X«4tc© III^ 

«e^tl^>^ftg*«l73[6]fiKg (E LOBES) i?©73 

[0155] z\n^<D^m^jsmifnzm^t)it^z\t 

d^-e^^>. MZ-lti. Sfc, 0 9©ELOtCd;Ofi£S-r-5 
G a Nmi££hmizMLT±.m<Z> V— \i Z>?5 
te^#^.e.n-5. IP^. fi»J^.«. '<D0 9CDELO»C 
iOeES-r^GaN^SBfC^bT, III^tc^O^ 
■^W— SB$:#n> (B) . ^'Jr7A (T 1 ) "Cg^Lfc 
fcCD£fflHTt>&<. ^^tt, ^ (N) ©— SB£'J> 
(P) . at* (As) . T>?^E> (Sb) . t'X7X 
(Bi) ^TMglL/cfeWS-ffl^T^)^^. Ctierafl 
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[0 15 6] fcfcfU iE©;V;7 7lS*ltt5ftl 

rLt>±e©K-fcr>^©3M££#ALft:< ifc&m 
[0 15 7]^, ^new^fr/fcfitCi-Siigllte©^ 

€,(cise»-r. -as:© iii«afl:«3Rfl:-&«#i»#3eit* 

^SSifi-fS^lcfc. ^^(c*^-p*S. to 
[0 15 8] ±E©#*J6Wc*»*S¥WMIf« 

*S-B-<5^R£UTtt. S i o 2 *6&BI^©#J5fcftSt© 
[0 15 9] fcfcU r#j&RKj ttt, * 

^uti^ r«t*(Ajj £tt, S«©^se£ 20 

[016 0 ] -?-©fg 1 ©77*£tt. ->ij3> (Si) SfiXtt 
TA 1 ,. f . g Ga, I n g N (O^fSl, 0=ag^ 
1, O^f + gSl) J J;DfiJt-52^ 3 5c, Xtt45c 

-fi*S&^©s&.htc, -?-©*«:*«*-©±©e**fS:aE 

Jf roll ©BT-a*3ttTU&^->Un>£)gtiig|$ 

ja-rsyjsre&s. 
[016 1] cioii ©#j* tc 1 1 mamma 
K&m*m#fr *>i$.z>m 2 ©»«:, sgi©»©jiic«x 

;pjfcft*-*\ S«x«^©±©g©SfflgBfl> 
e>fi£SbfcH^\ ?g 1 ©pwi-rii^iaifcxtf^^v 

©MSI. «fctr|6jk:ttJdc*b&^. 
[0 16 2] fcT, fg 1 ©S©±(C*5tt-5 III$eg{b 40 

£-LT^&^©T. ^2©g©^0^±^tl-5<i:*{C 
[0 16 3] gjfc, f0^2©*ft(l y'j3>(Si)I 

m3©e<h, c©m3©^©±{^3©^©saiS5^ 
SE-r^«uca^{c^$nfc#)«g»©^ 1 ©at, 
c ©?g 1 ©if -enfrnT^&i^jg 3 ©^©^aigE^^<t 

LTIt^+ytMSL, ^c>, ?g 1 ©Jf ©±g&Tte 50 
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«*[6HCXtf^^^^;^SUfc llltt&fl:*>Xft:£«!i - 

2 (Dmt&m?z>ffimffii$.&mm-?z> 

yj&T&S. 

[0 1 6 4] d©^2©y3fttcJ;n«. Sg2©HlJ, I 
I IK£fc4fc*fc£4fc¥<M*#> £ j£« jg 3 ©S©^ffiSB^ 

fb^¥^{**^J5K-5^2©®*^fiE$tlS. ~©fg2 
©yjffitCctnti, SSa^g©^*->'j3>-C«75:<, fiE 
S£*£Sf£2©Ji©¥^#£I^S©#*#£ffl^T^S 

^©^2©^©jgsi±^±Drfi]±-r-5). cn<=>© 

Jimz^Tb. ¥m&1£ik$:m?ifaiZX.t!5>lris^ )l 

[0 16 5] sfc. ±.$z<D&mmM-?\*Gm&mm.mf$. 
g& (mocvd) c * o she *^ e «« l a»» ^mwm 
^mmr^mt\jx\t. fr?mm.&f$,&m (mbe> . 

*\9* K««jsfi«tt (Halide VPE) SSfflfiKS^ (LP 
[0 16 6] Sfc, ±IB©#*16«-rH:. ^IMQ 

cntisjesn&n. ***?■©««£ bra. 

it. 's^n&jg. ^^u^\^p«jg©fc©^#^.6n 

(SQW) fflfeffiTi&oTfelK 
[0 16 7] ±IB©#*iS09-t?tt, III&jMb^ 

77f7, ->Ua>(Si)©«, ^b^r-r^(SiC). Xbf 
*;KMgAl 2 0 4 k KfbSEiB (ZnO) , Stfbv>;tf>, ^b^ 
<7*^->-^A(Mg0). UMttfU^A, atfbtf'jryA. & 
fbtfU^A^^A (LiGaOj) , BftffrE U :/5*> 
(MoS)., gcWi, ^b#U^A(GaN)-^ -€-©fGj©I 

-5. 

[0 16 8] SEfc, U-7 7'TyS«±lClIISl^b^^ 
SS<k©t&^g-&*JliE-rSA*-y7 7'^ ?I 

»*S-a-fcIII»iafl;«*{b^ifti|6i»fl.Al x Ga y In l _ x ^N 

(O^xSl, O^y^l. O^x+y^l) . cfcO»*b<liAl x 
Ga,. x N (O^x^l) linens. 

[0 16 9] III^g{b#l^{b^¥^©III^7C*© 
Mf£©-gBte, #D>(B)> i5"J^A(Tl)TS^^T 
fe. S*00©«J5)c-a*U XP). t*(As). T 

>^^>(Sb)> tf^^X (Bi) Tgtix.Tfc, *5^^© 

[0170] p^fb«. «^«sb»©*s. mm 



1$P200!-160627 



15 V- >- 
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[0171] £tL ±mti&nmm-c\t* u-^fy-r* 

[0 17 2] ft. *^SJCfi. ±f2tf>®9 iilSOSflS 

izm^tzo mz, mtuwi* (g a n> s?*^^b£ 

2tlZ>nM?>i?P bM (1 0 3, 2 0 3. 3 0 3)1? 
[0 17 3]foT. ;^;77l (T&£HfDJi, JJM8 

»#icpse.-r, -flsco 1 1 m^^m^m^m^^t 
m^-&mmTz>%&iz&^T*>. ±wz^<D%)$k$:mn 

[0174] *wMW<D±me>mmmmzmm.i,*:mm 
-%mz$5^T\z. mjjfaf&miz<s:io%*>nfii iums.it 

BMW* C t*tprtgt?*.2>. 
[0 17 5] X, *MiW»»C*«r»T*Jis»*»***«« 

[0 17 6] XC. JEJKJB*J»<»riEUfcO, rt^tt. 40 
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[ia®cDf@m^UiHJ] 

[Ei] *%w\z£.z,&mm^#-T s m : &*m7KTz> m 

[02] *^©f^ffl{c^to^>. S^#FBR£SP#<7) I 
[0 3] *^^©f^ffltc^^>. if#Fi0A->K* 

[04] 3ii*fi60ijro umsimmt^^m^u- 
•tf i o o«ia®«i3i^^-r^w^^0. 
ti5]^i Sam® 1 1 m&it®>mit&®>*m# u- 

1f 1 0 0 <D«j££^f«5£f$&BlrEB0. 
[0 6] ^2*Jg0iJ<O III*a<k»*{t-&«*i»(*cU'- 

tf 2 0 0 roffiB«iit^^i-«^w^«0. 

[0 7] m3mmffl(o ummt®mit^®^mwu- 

+f 3 0 0 <DffiSrait£^^l£l$&#«l0. 

[0 8] m3nss«»j<7) 1 1 mmt®mt'esy>*m>te u— 
tf 3 o ow^jg^^-r^w^»f®0. 

[0 9] *«Wfcat*<*©flS<W&ffl*«fc:feW-* III 
5£«&»rB50. 

[010] «e*s%tcj:^)^afi^#F^jg^^j*-r^ 



10 0 ,200 , 

10 1 ,201 , 

10 2 ,202 , 
2021, 3021- 
2 0 2 2, 3 0 2 2' 
10 3 ,203 , 



3 0 0 • 
3 0 1 • 
3 0 2 • 



10 4 , 
10 5 , 
10 6 , 
10 6 1, 
1 0 6 2, 
10 7 , 
10 8 , 
10 9 , 
1 1 OA, 
1 1 0 B, 



2 0 4 , 
2 0 5 . 
2 0 6 , 
2 0 6 1, 
2 0 6 2, 
2 0 7 , 
2 0 8 , 
2 0 9 , 
2 1 OA, 
2 1 0 B, 



3 0 3 
fS) 
3 0 4 
3 0 5 
3 0 6 
3 0 6 1 
3 0 6 2 
3 0 7 
3 0 8 
3 0 9 
3 1 OA 
3 1 0 B 



mm 

! 

MQWiSftl 
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[0 9] 
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[H7] 



m=m^m mz : a i i n - n < x *o.2o> 

3061:AlHQa»N (y^O.80) 




-306 

(MQWjg&Jl) 



CN-2) 



[010] 



G a I n N 



/////// 
'// G a N 



Gal nN 



/////// y 

✓V ^ ^ s s 



qb 3 
qw2 
qb 2 
qwt 
qb 1 



qwn :««T^J» <n«1. 2) 
qbm:«^«SUB (m=1 , 2. 3) 



!7D> h^-S^gg^ 



(72)389§# /h» ^ 



F^-A(##) 5F041 AA11 AA40 AA43 CA22 CA40 
CA52 CA65 CA67 CA74 
5F073 AA03 AA45 AA74 AA89 CA02 
CB05 CB07 CB13 DA05 DA24 
EA29 



